The eclipsing binary U Cephei has been observed with the International Ultraviolet Explorer (IUE) satellite. Nine high resolution spectra in the mid-ultraviolet (AA1900-3200) and one high resolution spectrum in the far-ultraviolet (AA1200-1900) were obtained. The effects of gas streaming are clearly seen in the mid-ultraviolet resonance lines of Fe n (A2599) and Mg n (AA2795 and 2802). The data indicate that much of the gas leaving the G star circles behind the B star and leaves the system. It is suggested that g-mode oscillations in the G star supply part of the energy required to drive the gas out of the system.
I. INTRODUCTION
The interacting, eclipsing close binary system U Cep has been the object of a number of intensive studies, recently including those by Batten (1974) , Hall and Walter (1974) , Rhombs and Fix (1976) , Markworth (1977) , Olson (1978) , , and . This paper discusses high-resolution observations of U Cep obtained with the International Ultraviolet Explorer (IUE). The Fe n A2599 and Mg n AA2795, 2802 resonance lines in the mid-ultraviolet show distinct signatures of gas streaming within and out of the binary system. According to Batten (1974) , U Cep is comprised of a B7 V primary and a G8 III secondary. The masses and radii are M B = 4.2 M 0 , M G = 2.8 M 0 and R B -2.9 R 0y R g = 4.7 R q . The semimajor axis is a = 14.7 Rq, and the semiamplitudes of the radial-velocity curves are K B = 120 km s" 1 and K G = 180 km s" 1 .
II. OBSERVATIONS
The IUE instrumentation has been discussed in detail by Boggess et al. (1978) . All of the observations were obtained in the high-resolution modes; one exposure in the far-ultraviolet (1200-1900 Â at A/AA # 10 4 ) and.nine exposures in the mid-ultraviolet (1900-3200 Â at A/AA £ 10 4 ) were obtained. Relevant information on the exposures is given in The variations in the exposure time were necessitated by various operational constraints, such as the particle noise levels. Although it would have been desirable to obtain additional exposures in the far-ultraviolet, because of the much longer exposure time required, effort was concentrated on the mid-ultraviolet spectral region. Table 2 lists all of the lines in the ultraviolet spectrum of U Cep at phase 0.18. The spectral features that have been found most useful for studying gas streaming in U Cep are the Fe n resonance line at 2599.395 Â and the Mg n resonance doublet at 2795.523 and 2802.698 Â (air wavelengths). The other Fe n resonance lines in the mid-ultraviolet at 2343.594, 2373.733, 2382.034, and 2585 .876 Â appear primarily as interstellar lines, and the absorption due to gas streams or the photosphere of the B star is much weaker than in the Fe h A2599 line. The general variations in these weaker lines appear to agree with those of the Fe n A2599 line.
GAS-STREAM EFFECTS IN U CEPHEI
It should be noted that the Mg n A2802 feature appears near the edge of a spectral order and is recorded again on the next echelle order; the latter order was used to verify the long-wavelength edge of this line which tends to be affected by calibration problems at the end of a spectral order.
One expects to see the effects of gas streaming clearly delineated in these mid-ultraviolet lines for the following reasons: (1) The temperature of the gas in the stream is such that most atoms of abundant elements are once-ionized. (2) The density in the gas streams is such that practically all atoms are in the ground state.
(3) The mid-ultraviolet region contains the strong resonance lines of two abundant elements, Fe and Mg, with large transition probabilities. (4) The spectral signatures of the gas stream are relatively subtle; in order for them to be clearly delineated above the noise level, strong resonance lines are required.
For the sake of comparison, the logarithm of the relative cosmic abundance, with respect to H, of Fe is -6.40, of Mg is -6.58, and of Ca is -7.70 (Allen 1973) . The ^/-values for Fe ii A2599.395; Mg n AA2795.528, 2802.704; and Ca il AA3933.67, 3968.47 are 13; 1.1, 0.62; and 0.21, 0.11, respectively (Corless and Bozman 1962). Thus, if both Mg and Ca atoms are practically all once-ionized in the gas stream, the Mg ii A2795 line is expected to be nearly 100 times stronger than the Ca n A3933 line. Figure 1 shows the Fe il A2599 line and Figure d the Mg ii AA2795, 2802 doublet. The observed absorption features are a combination of absorption due to gas streams, the photosphere of the B star, emission possibly occurring in the gas stream, and interstellar absorption. The interstellar absorption will not be analyzed in this paper. We may safely ignore the contribution of light from the G star in this spectral region, considering its lower temperature and the Fig. 1 . The differences in the detailed structures in the Mg n lines as compared with the Fe n line at a given phase are probably due to the slightly different temperature regimes in the gas stream characterizing the Mg ii and Fe n absorption. The apparent absorption and emission feature near À2792 at phase 0.741 is the result of a telemetry data drop and should be ignored. observed flux ratio of the G star to the B star equal to about 15 at 4350 Â and 36 at 3500 Â (Batten 1974) . Figures 1 and 2 clearly show that the absorption is due to both the gas streams and the photosphere of the B star. Table 3 gives the radial velocity of the shortward edge, center, and longward edge of the Fe n line and the Mg ii doublet at the observed phases. The radial velocity of the B star is also listed. Some of the changes in the radial velocities probably reflect the orbital motion of the B star. However, significant deviations from this orbital velocity occur and are indicative of gas streaming. The situation may be further complicated by the phase-dependent effects of hot or cool spots on the B star which have been postulated by a number of the investigators listed in §1. Figures 1 and 2 also show that the absorption strength is phase dependent, again due to effects of mass flow and possibly hot or cool spots. No purely photospheric absorption lines of significant strength are identifiable in the mid-ultraviolet spectrum of U Cep. The far-ultraviolet does show a number of absorption lines which may be essentially photospheric. Since the data were obtained at only one phase, certainty is not possible. The lines of Si n, C n, Si iv, C iv, A1 hi, and Fe m seem to show no significant excess absorption although some lines appear somewhat asymmetric. The shapes are generally indicative of the nonsynchronous rotation of the B star. Struve (1963) found a rotational velocity of V sin i = 300 km s" 1 while Koch, Olson, and Yoss (1965) determined a value of 310 km s" 1 . The depth and width of the farultraviolet absorption lines in the IUE spectra of U Cep are quite consistent with a rotational velocity of F sin / ä 300 km s" 1 for the B star. This is about 5 times the synchronous rate and is about twice the normal rate for a single B7 V star. The rapid rotation is presumably due to the angular momentum gained from the matter flowing from the G star to the B star. The line widths and depths are consistent with this rotational rate.
A number of the radial velocities of the absorption lines in the far-ultraviolet spectrum differ significantly from the expected orbital velocity of -109 km s _1 at phase 0.18. No correlation of this deviation with particular elements or stage of ionization is apparent, but it ranges from 20 to 50 km s" 1 , less negative than the expected value for about one-half of the lines.
The very existence of absorption lines of Si iv at 1393.755 and 1402.770 Â and of C iv at 1548.185 and 1550.774 Â is interesting. The effective temperature of a B7 V star is given as about 13,000 K by Allen (1973) . In the photosphere of the B star, the Saha equation shows that carbon is predominantly once-ionized, as the relatively strong C n doublet at 1335 Â indicates, while silicon is mainly twice-ionized. No significant amounts of Si iv or C iv should be present. It is unlikely that the gas flowing from the G star is sufficiently hot to give rise to these ions, particularly since some emission would probably occur under such circumstances. The most likely site for the occurrence of Si iv and C iv would be in the hot-spot region of the B star. The model of gives the hot spot a temperature of about 20,000 K, at which temperature significant amounts of Si iv should be present. To produce C iv, however, a temperature of at least 25,000 K is required unless it is produced in a lowerdensity region above the hot spot. The radial velocity of the Si iv doublet agrees with the B star's orbital velocity while the C iv doublet yields velocities 30-50 km s" 1 less negative. Further far-ultraviolet observations are required to clarify the situation.
As indicated above, the resonance lines of Fe n and Mg ii in the mid-ultraviolet spectrum of U Cep clearly show the effects of mass streaming. Figure 3 shows the adopted model for the system.
The most striking aspect is that a substantial portion of the gas stream appears to leave the binary system rather than circle the B star forming an accretion disk. The gas stream certainly may show secular variations in its flow pattern. Observations near phase 0.15 obtained on 1978 June 2, September 7, and September 12 indicate a relatively stable stream pattern during this 3 month period.
The radial velocity edges of up to 400-500 km s -1 represent the projected velocity component of the gas stream along the line of sight. This velocity is sufficient to allow the gas to escape from the system from most locations except close to the B star, which has an escape velocity of about 740 km s -1 . We venture to speculate that one source of the additional kinetic energy of the gas stream is the same mechanism that may drive stellar winds. As envisaged by Wolff and , the nonlinear mode (g-mode) of oscillations in one of the components in a binary system (e.g., HZ Her = Her X-l) may lead to a mass surge from that star. It is apparent from the work of Modisette and Kondo (1979) that the mass surge could be a continuous phenomena if the beat periods of the harmonics involved are close enough to each other. It is also possible that irradiation of the G star by the B star contributes to the local heating of the G star's facing hemisphere.
Regarding the properties of the gas, its temperature is high enough to keep most Fe and Mg atoms in ionized states; it must be well above 10,000 K. The density of the gas is low enough so that practically all No. 3, 1979 GAS-STREAM EFFECTS IN U CEPHEI 911 4> 0.25 Fig. 3 .-Schematic representation of the gas stream. The + sign indicates that the radial velocity of the gas stream projected against the B star is away from the observer, the -sign toward the observer, the ± sign both away and toward the observer, and the + sign mostly toward, but with a minor component away from, the observer. The broad arrows give the phase of the observation and the line-of-sight column to the B star. The + sign at phases 0.72, 0.74, and 0.91 is probably due to the combination of the gas streaming around the B star and the gas falling onto that star creating a hot spot which faces the observer shortly after phase 0.75. The + cases are probably due to the partial occultation of the B star by the matter leaving the G star.
atoms are in the ground state; the density must therefore be below about 10 15 particles per cm 3 . The density appears high enough to prevent formation of strong forbidden lines ; however, we are unable to make a firm statement regarding this point from the current data. (If the absence of forbidden lines, such as the intercombination line of C m at 1909 Â, is due to the density factor, the implied lower limit on the density is about 10 11 " 12 .) In the absence of other observational evidence, it appears that our data are consistent with Batten's estimate of the electron density for the gas stream of 10 13 electrons cm -3 . In a recent private communication, Olson informed us that the primary eclipses had been clean on JD 2,443,753.8 and JD 2,443,778.7 and suggested that U Cep had been in its low state at the time of our observations. Further, he suspected that the cool spot reported in his previous paper (Olson 1978) had probably been essentially absent for that reason. Perhaps the gas streams envisaged by Batten (1974) , in which a part of the stream lands on the B star while the remainder returns to the G star, are a pattern present when U Cep is in a more active state. A change in the rate of mass flow will be likely to entail a change in the flow pattern.
Olson also informs us that no period change has been detected since early 1975. Following his suggestion, we have investigated the possibility that the observed mass transfer within and mass loss out of the binary system account for the net absence of period change. The manner of mass ejection envisioned in Figure 1 strongly suggests that the G star is losing its orbital angular momentum; this would tend to shorten the binary period. On the other hand, the mass transferred from the less massive G star to the more massive B star, giving rise to the hot spot on the latter, would tend to lengthen the binary period. The combined effect of the two processes could be little change in the period, if all the parameters involved had the right values. However, a rigorous mathematical treatment of the problem for quantitative analysis is not practical at the moment in view of the free parameters that have not been determined observationally.
IV. CONCLUSION
The results presented here show that at the time these observations were made the mass transfer in U Cephei was nonconservative, with the bulk of the matter ejected from the G star leaving the binary system. This also indicates that a source of kinetic energy other than that arising from the conversion of potential energy is present. We suggest that this additional kinetic energy is being supplied by the G star. The mechanism responsible for it may be local heating in the G star caused by the convergence of nonlinear modes of oscillation; a similar mechanism was suggested by Wolff and Kondo (1978) and further studied by Modisette and Kondo (1979) . Additional ultraviolet spectra covering one orbital period continuously will clearly be of much value.
